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WELL-TAP STRUCTURES FOR ANALOG
MATCHING TRANSISTOR ARRAYS

BACKGROUND

Generally, an integrated circuit device such as a program-
mable logic device (PLD) may include digital and analog
circuits. Examples of analog circuits include transceiver
circuitry, voltage supply circuitry, filter circuitry, and mir-
roring circuits. Examples of digital circuits include program-
mable logic circuits and memory circuits.

A high-precision current mirror circuit, which generates
an electrical current that 1s equal to a reference electrical
current, may require matched active structures (e.g., tran-
sistor structures). Using a large number of dummy arrays
may help to reduce manufacturing variations between the
active structures so that a high-precision current mirror
circuit may be formed. However, having a high number of
dummy arrays may not be compatible with the latch-up rule
(a design-for-manufacturing (DFM) requirement) for the
active structures 1n the semiconductor circuit. The latch-up
rule requires a well-tap structure to be formed within a
relatively short distance (i.e., within 30 microns) from the
active structures.

Although there are solutions to form a high-precision
current mirror circuit such as placing well-tap structures
between every two rows/columns of the active structures in
the analog circuits, such solutions may generally increase
the overall size of the mtegrated circuit and as such, are not
preferable.

SUMMARY

Embodiments described herein relate to well-tap struc-
tures within an integrated circuit. It should be appreciated
that the embodiments can be implemented in numerous
ways, such as a process, an apparatus, a system, a device, or
a method. Several embodiments are described below.

In one embodiment, an integrated circuit includes an array
of active structures, an array of dummy structures, and
multiple well-tap structures. The array of dummy structures
may surround the array of active structures. The well-tap
structures may be interposed between the array of active
structures and the array of dummy structures. Each of the
well-tap structures may include a well, a diffusion region,
and a gate-like structure. The well may be formed in a
substrate and 1s of a first doping type. The diffusion region
may be formed 1n the well and 1s also of the first doping type.
The gate-like structure may be formed above the substrate
and adjacent to the diffusion region.

Further features of the invention, 1ts nature and various
advantages will be more apparent from the accompanying
drawings and the following detailed description of the
preferred embodiments.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows an illustrative integrated circuit in accor-
dance with one embodiment of present invention.

FIG. 2 shows an illustrative current mirror circuit in
accordance with one embodiment of the present invention.

FIG. 3 shows a top layout view of an illustrative analog
circuit 1n accordance with one embodiment of the present
invention.

FIG. 4 1s a cross-sectional side view of an illustrative
N-type well-tap structure 1n accordance with one embodi-
ment of the present invention.
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FIG. 5 1s a cross-sectional side view of an 1llustrative
P-type well-tap structure in accordance with one embodi-

ment of the present invention.

FIG. 6 shows an 1illustrative cross-sectional view of three
different types of structures including an active p-channel
transistor 1n accordance with one embodiment of the present
ivention.

FIG. 7 shows another 1llustrative cross-sectional view of
three diflerent types of structures including an active n-chan-
nel transistor in accordance with one embodiment of the
present mvention.

FIG. 8 shows a flowchart of illustrative steps for manu-
facturing an analog circuit in accordance with one embodi-
ment of the present invention.

DETAILED DESCRIPTION

The following embodiments describe a well-tap structure
within an integrated circuit. It will be obvious, to one skilled
in the art, that the present exemplary embodiments may be
practiced without some or all of these specific details. In
other instances, well-known operations have not been
described 1n detail 1n order not to unnecessarily obscure the
present embodiments.

FIG. 1, meant to be illustrative and not limiting, 1llustrates
an integrated circuit 1n accordance with one embodiment of
present invention. Integrated circuit device 100 includes
logic circuitry 110, transceivers 120, mput/output (I/0)
circuits 130 and power circuits 140.

In one embodiment, integrated circuit device 100 may be
an application specific integrated circuit (ASIC) device, an
application standard specific product (ASSP) device, a pro-
grammable logic device (PLD) or a microprocessor device.
In general, ASIC and ASSP devices may perform fixed and
dedicated functions. PLD devices may be programmable to
perform a variety of functions. An example of a PLD device
may be a field programmable gate array (FPGA) device.
Microprocessor devices, coupled together with other devices
(e.g., a memory device), may be utilized to perform instruc-
tions provided by programming code.

Integrated circuit device 100 may be used in different
types of communication systems, such as wireless systems,
wired systems, etc. In one embodiment, integrated circuit
device 100 may be a PLD that 1s utilized for controlling data
transier between different devices, for example, micropro-
cessor devices and memory devices. Hence, integrated cir-
cuit device 100 may include circuits that may be used to
implement various transmission standards that allow 1inte-
grated circuit device 100 to communicate with external
devices such as memory devices (not shown) that may be
coupled to integrated circuit device 100.

Referring still to FIG. 1, transceivers 120 and I/O circuits
130 may occupy the peripheral region of integrated circuit
device 100, whereas logic circuitry 110 and power circuits
140 may occupy the center region of integrated circuit
device 100. As shown in the embodiment of FIG. 1, four
power circuits 140 may be utilized to supply voltages to four
different quadrants of logic circuitry 110. It should be
appreciated that the arrangement of transceiver 120, I/0O
circuitry 130, power circuits 140 and logic circuitry 110 on
integrated circuit device 100 may vary depending on the
requirements of a particular device.

It should be appreciated that logic circuitry 110 may be
utilized for performing core functions of integrated circuit
device 100. Therefore, logic circuitry 110 may include
specific circuitry for the functions that define integrated
circuit device 100. For example, logic circuitry 110 may
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include circuits that perform memory device addressing and
processing of mformation retrieved from a memory device
when integrated circuit device 100 1s used as a memory
controller. In another example, logic circuitry 110 may
include programmable logic elements when integrated cir-
cuit device 100 1s a PLD. The programmable logic elements
may further include circuits such as look-up table circuitry,
multiplexers, product-term logic, registers, memory and the
like. The programmable logic elements may be programmed
by a user (e.g., a designer or an engineer) to perform any
desired function. It should be appreciated that logic circuitry
110 may mainly include digital circuits (e.g., logic gates,
registers, etc.).

Transceivers 120 and I/O circuits 130 may be utilized for
transierring signals 1n or out of integrated circuit device 100.
For example, signals from logic circuitry 110 may be
transierred out of integrated circuit device 100 through one
of the transcervers 120 or I/O circuits 130. Additionally,
signals received from an external device (external to inte-
grated circuit device 100) may be transferred to logic
circuitry 110 through one of the transceivers 120 or I/O
circuits 130. In one embodiment, both transceivers 120 and
I/0 circuits 130 may be considered as external interfacing
circuitry of integrated circuit device 100. Signals may
accordingly be transferred out or received by one of the
transceivers 120 and I/O circuits 130 through 1ts signal pin
(not shown). Each transceiver 120 may include a transmatter
circuit and a receiver circuit. Alternatively, each I/O circuit
130 may include only an mput circuit or an output circuit.

Power circuits 140 may be utilized to maintain a constant
voltage supply within integrated circuit device 100. In one
embodiment, power circuits 140 may include voltage regu-
lator circuits that may provide constant voltage signals to the
respective circuits within integrated circuit device 100. As
shown 1n the embodiment of FIG. 1, the four power circuits
140 may supply voltage signals to four different quadrants of
logic circuitry 110. Each power circuit 140 may also supply
the voltage signal to the respective transistor structures and
well-tap structures (not shown in FIG. 1) formed within
logic circuitry 110, transceiver 120 and I/O circuits 130.

Transcervers 120, I/O circuits 130 and power circuits 140
may include analog circuits (e.g., current mirror circuits,
amplifier circuits, etc.). The analog circuits within transce1v-
ers 120, I/O circuit 130 and power circuits 140 may 1nclude
matched active circuits (e.g., circuits including matching
transistors). These circuits may also be required to satisiy
latch-up rules. The latch-up rules may vary depending on the
type of semiconductor process that 1s being utilized. In one
embodiment, the latch-up rules may require a well-tap
structure to be formed within a relatively short distance (e.g.,
30 microns (um)) from an active structure that forms any one
of transceivers 120, I/O circuits 130 or power circuits 140.

FIG. 2, meant to be illustrative and not limiting, illustrates
a current mirror circuit i accordance with one embodiment
of the present invention. Current mirror circuit 200 may
include two transistors 210 and 220. Each of the transistors
210 and 220 may include a gate terminal and two source-
drain terminals. As shown 1n the embodiment of FIG. 2, the
gate terminals of both transistors 210 and 220 are coupled
together at terminal 230. Terminal 230 1s further coupled to
terminal 240. The respective source-drain terminals of tran-
sistor 210 are coupled to terminal 240 and a ground terminal.
The respective source-drain terminals of transistor 220 are
coupled to output terminal 260 and a ground terminal.
Terminal 240 1s coupled current source 250, which 1s also
coupled to a power terminal (VDD).
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Current mirror circuit 200 may be utilized to copy electric
current from one branch (which may include terminal 240
and transistor 210) to another branch (which may include
transistor 220). As shown 1n the embodiment of FIG. 2, the
clectric current that 1s being copied may be referred to as a
reference electrical current (IREF) and the electrical current
that 1s generated may be referred to as an output electrical
current (IOUT). It should be appreciated that current mirror
circuit 200 may fix the output electrical current to the value
of the reference electrical current regardless of the loading
that 1s coupled to the branch that transmits IOUT.

It should be appreciated that there are multiple topologies
for current mirror circuit 200. In one exemplary embodi-
ment, current mirror circuit 200 may be a Widlar current
mirror circuit. Alternatively, current mirror circuit 200 may
be a Wilson current mirror circuit. Each topology may
provide different basic characteristics (e.g., output 1mped-
ance, bandwidth, etc.).

Transistors 210 and 220 may be formed using multiple
smaller-sized transistors. Transistors 210 and 220 has to be
identical in terms of their physical dimensions (1.e., width,
length and height) and doping concentration levels 1n order
to generate a high-precision current mirror circuit (1.e.,
IOUT=IREF). Theretfore, the smaller-sized transistors that
collectively formed transistors 210 and 220 may need to be
identical to each other. In one embodiment, the i1dentical
smaller-sized transistors may be formed when a layout as
shown 1n embodiment of FIG. 3 (described below) 1s uti-
lized. The transistors 210 and 220 may also satisiy the DFM
requirement (e.g., the latch-up rules).

Transistors 210 and 220 may be complementary metal
oxide semiconductor (CMOS) transistors. In the embodi-
ment of FIG. 2, both transistors 220 and 221 are N-type
metal oxide semiconductor (NMOS) transistors. Alterna-
tively, both transistors 210 and 220 may be P-type metal
oxide semiconductor (PMOS) transistors.

FIG. 3, meant to be illustrative and not limiting, 1llustrates
a layout for the current mirror circuit 200 of the type shown
in FIG. 2 1 accordance with one embodiment of the present
invention. In one embodiment, circuit 310 may be a current
mirror circuit (e.g., current mirror circuit 200 of FIG. 2).
Circuit 310 may be formed within transceiver 120, 1/0
circuit 130 or power circuit 140. Circuit 310 may be formed
on a semiconductor substrate (e.g., a silicon substrate).

Circuit 310 may include active region 320, dummy region
340 and well-tap rows 330. In FIG. 3, active region 320 may
be formed at the center region of circuit 310. Dummy region
340 may be formed immediately adjacent to the edges of
active region 320. Two well-tap rows 330 may be formed
within dummy region 340.

As shown in the embodiment of FIG. 3, active region 320
may include active structures 321, dummy region 340 may
include dummy structures 341, and well-tap rows 330 may
include well-tap structures 331. In one embodiment, active
structures 321 may be functional transistor structures (e.g.,
NMOS transistors or PMOS transistors). Active structures
321 may collectively form transistors 210 and 220 of FIG.
2, 1n one embodiment. Each active structure 321 includes a
polycrystalline (POLY) structure and two oxide diffusion
(OD) regions, which are located on each side of the poly-
crystalline structure. In one embodiment, the polycrystalline
structure and the oxide diffusion regions may be also
referred to as a gate structure and diflusion regions, respec-
tively.

In FIG. 3, active region 320 may have five active struc-
tures 321 1in each of the three rows. In one embodiment, the
length, width and height of each polycrystalline structure
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within active region 320 may be i1dentical. Similarly, the
length and width of each oxide diffusion region within active
structures 321 may be identical. Such structures (with 1den-
tical lengths and widths) may form matching transistors 210
and 220 of FIG. 2.

Dummy structures 341 may be formed for the purpose of
design-for-manufacturing. In one embodiment, dummy
structures 341 may reduce the impact of undesired manu-
facturing process variations (e.g., variations in the process of
manufacturing the polycrystalline structures or the oxide
diffusion regions). Reduced manufacturing process varia-
tions may help to form identical active structures 321.
Therefore, a large array of dummy structures 341 may
couple active structures 321, as shown 1n the embodiment of
FIG. 3. As shown i FIG. 3, a column 1n the array may
include at least one active transistor 321, at least one dummy
transistor 341, and at least one well-tap structure 331. In the
particular arrangement of FIG. 3, the well-tap structure 331
may be interposed between the active transistor and the
dummy transistor along the same column.

In one embodiment, dummy region 340 encompasses a
width of at least 50 micrometers away from an edge of active
region 320. It should be appreciated that dummy structures
341 may be dummy transistors when active structures 321
are transistor structures. Similar to active structures 321,
dummy structures 341 may be formed using the oxide
diffusion regions and the polycrystalline structures. The size
of the polycrystalline structure and the oxide diffusion
regions that form each dummy structure 341 may be 1den-
tical to that of the polycrystalline structure and oxide dii-
fusion regions that form each active structure 321 and may
therefore sometimes be referred to as non-functional tran-
sistor structures.

Well-tap structures 331 may be needed to provide a
substrate voltage for active structures 321. Well-tap struc-
tures 331 may be utilized to prevent a latch-up for analog
circuit 310. Latch-up occurs when there 1s an inadvertent
creation of a short circuit between the power supply rails of
an active structure 321, which results in a large amount of
current to flow through a parasitic structure which disrupts
proper functioning of the part, and can oftentimes perma-
nently damage the active structures and any surrounding
circuitry. According to a particular waler fabrication semi-
conductor design rule, well-tap region 330 has to be placed
less than 30 micrometers from the center of active region
320. In one embodiment, a well-tap structure (e.g., well-tap
structure 331) may be 1nterposed between an active region
(e.g., active region 320) and a dummy region (e.g., dummy
region 340). Well-tap structures 331 may be N-type well-tap
structures (as shown 1n FIG. 4) or P-type well-tap structures
(as shown in FIG. §).

Similar to active structures 321 and dummy structures
341, well-tap structures may be formed using the oxide
diffusion regions and the polycrystalline structures. In addi-
tion to that, the size of the polycrystalline structure and the
ox1ide diffusion regions that form each well-tap structure 331
may be 1dentical to that of the polycrystalline structure and
oxide diffusion regions that form each active structure 321
or each dummy structure 341.

As shown 1n the embodiment of FIG. 3, well-tap struc-
tures 331 are placed within a selected area of dummy region
340. Hence, the embodiment of FIG. 4 does not take up a
large area of the integrated circuit.

FI1G. 4, meant to be 1llustrative and not limiting, illustrates
an N-type well-tap structure 1n accordance with one embodi-
ment of the present invention. In one embodiment, N-type
well-tap structure 400 may be a detailed implementation of
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well-tap structure 331 of FIG. 3. N-type well-tap structure
400 1includes N-well 450, two N+ type diffusion regions 410
and 420, oxide layer 430 and polycrystalline structure 440.

In one embodiment, N-well 450 may be formed on a
P-type substrate (not shown). The two N+ type diffusion
regions 410 and 420 are formed within N-well 450. How-
ever, the N+ type diffusion regions 410 and 420 may have
a higher doping concentration than N-well 450. Each N+
type diflusion region may be coupled to a voltage supply
source (VDD). Polycrystalline structure 440 i1s formed
above N-well 450 and on top of oxide layer 430. As shown
in the embodiment of FIG. 4, polycrystalline structure 440
1s coupled to a ground voltage (VSS). Well-tap structure 400
having polycrystalline structure 440 that 1s coupled to
ground (VSS) and the two N+ type diffusion regions 410 and
420 coupled to VDD may form a power supply decoupling
capacitor between the ground terminal (VSS) and a power
terminal (VDD). Alternatively, polycrystalline structure 440
may be coupled to a power terminal (VDD), similar to N+
type diffusion regions 410 and 420. However, polycrystal-
line structure 440 tied to the power terminal may not form
the power supply decoupling capacitor.

FIG. 5, meant to be illustrative and not limiting, 1llustrates
a P-type well-tap structure in accordance with one embodi-
ment of the present invention. In one embodiment, P-type
well-tap structure 500 may be a detailed implementation of
well-tap structure 331 of FIG. 3. P-type well-tap structure
500 includes P-well 550, two P+ type diffusion regions 510
and 520, oxide layer 330 and polycrystalline structure 540.

In one embodiment, P-well 550 may be formed on an
N-type substrate. The two P+ type diffusion regions 510 and
520 are formed within P-well 550. However, the P+ type
diffusion regions 510 and 520 may have a higher doping
concentration than P-well 550. Each P+ type diffusion
region may be coupled to a ground source (VSS). Polycrys-
talline structure 540 1s formed above P-well 350 and on top
of oxide layer 530. As shown 1n the embodiment of FIG. 5,
polycrystalline structure 540 1s coupled to a power source
(VDD). Polycrystalline structure 340 that 1s coupled to a
power source (VDD) and formed on top of P-well 550 may
form a power supply decoupling capacitor between the
ground source (VSS) and a power source (VDD). Alterna-
tively, polycrystalline structure 540 may be coupled to a
ground source (VSS), similar to P+ type diffusion regions
510 and 520. However, polycrystalline structure 540 tied to
a ground source may not form the power supply decoupling
capacitor.

FIG. 6, meant to be illustrative and not limiting, 1llustrates
a cross section of three different types of structures in
accordance with one embodiment of the present invention.
The three structures include well-tap structure 610, active
structure 620 and dummy structure 630. In one embodiment,
well-tap structure 610, active structure 620 and dummy
structure 630 may be similar to well-tap structure 331, active
structure 321 and dummy structure 341, respectively, of
FIG. 3. The three structures are formed on an N-well
substrate. The N-well substrate may be formed on a P-type
substrate (not shown). In one embodiment, lengths and
widths of the three structures may be identical, and therefore
may be utilized to form a high precision current mirror
circuit (e.g., current mirror circuit 200 of FIG. 2).

As shown in the embodiment of FIG. 6, active structure
620 1s a PMOS transistor. The PMOS transistor includes two
diffusion regions, which form the respective source-drain
terminals of the PMOS ftransistor, and a polycrystalline
structure that forms a gate terminal. The diffusion regions
may have a high doping concentration of P-type dopants (as
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reflected by P+). In one embodiment, and similar to active
structure 321 of FIG. 3, active structure 620 may form a part
of transistor 210 or 220 of FIG. 2.

Well-tap structure 610 1s an N-type well-tap structure.
Similar to active structure 620, well-tap structure 610
includes two diflusion reglons and a polycrystalline struc-
ture. The two diffusion regions include a high concentration
of N-type dopants (as reflected by N+). The polycrystalline
structure 1s also doped with a high concentration of N-type
dopants. As shown in the embodiment of FIG. 6, the two
diffusion regions are coupled to a power source in order to
receive a VDD voltage signal whereas the polycrystalline
structure 1s coupled to a ground source 1n order to receive a
VSS voltage signal. It should be appreciated that an N-type
well-tap structure 1s needed for a PMOS transistor structure.

Dummy structure 630 may be similar to well-tap structure
610. However, as shown in the embodiment of FIG. 6, the
two diffusion regions and the polycrystalline structure are
coupled to a power source that transmits a VDD signal.
Dummy structures 630, similar to dummy structures 341 of
FIG. 3, may be formed for the purpose of design-for-
manufacturing (e.g., to reduce the mmpact of undesired
manufacturing process variations).

FIG. 7, meant to be 1llustrative and not limiting, illustrates
another cross section of three diflerent types of structures 1n
accordance with one embodiment of the present invention.
The three structures include well-tap structure 710, active
structure 720 and dummy structure 730. The structures are
formed on a P-well substrate. In one embodiment, well-tap
structure 710, active structure 720 and dummy structure 730
may be similar to well-tap structure 331, active structure 321
and dummy structure 341, respectively, of FIG. 3. The
P-well substrate may be formed on an N-type substrate (not
shown). As described above with reference to the embodi-
ment of FIG. 6, the lengths and widths of the three structures
may be identical, and therefore may be utilized to form a
high precision current mirror circuit (e.g., current mirror
circuit 200 of FIG. 2).

As shown 1n the embodiment of FIG. 7, active structure
720 1s an NMOS transistor. The NMOS transistor includes
two diflusion regions that form the respective source-drain
terminals of the transistor and a polycrystalline structure that
forms the gate terminal. The diffusion regions may include
a high concentration of N-type dopants (as retlected by N+).
In one embodiment, active structure 720 may be utilized to
form a part of transistor 210 or 220 of FIG. 2.

Well-tap structure 710 1s a P-type well-tap structure.
Similar to active structure 720, well-tap structure 710
includes two diflusion reglons and a polycrystalline struc-
ture. The two diffusion regions 1include a high concentration
of P-type dopants (as reflected by P+). The polycrystalline
structure 1s also doped with a high concentration of P-type
dopants. As shown in the embodiment of FIG. 7, the two
diffusion regions are coupled to a ground source to receive
a VSS voltage level signal whereas the polycrystalline
structure 1s coupled to a power source to receive a VDD
voltage level signal.

Dummy structure 730 may be similar to active structure
710. However, as shown 1n the embodiment of FIG. 7, the
two diffusion regions and the polycrystalline structure may
be tied to a ground source that transmits a VSS voltage level
signal.

FIG. 8, meant to be 1llustrative and not limiting, illustrate
a method of manufacturing an analog circuit 1n accordance
with one embodiment of the present invention. The analog,
circuit may be similar to analog circuit 310 of FIG. 3. In one
embodiment, the analog circuit may be a high precision
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current mirror circuit (e.g., current mirror circuit 200 of FIG.
2) that includes at least two transistors (e.g., transistor 210
and 220 of FIG. 2). The analog circuit may be manufactured
on a semiconductor substrate (e.g., silicon substrate). In one
embodiment, the substrate may be a P-type silicon substrate.
Alternatively, the substrate may be an N-type silicon sub-
strate.

At step 810, diflusion regions for active structures,
dummy structures and well-tap structures are formed. In one
exemplary embodiment, when the active structure 1s a
PMOS ftransistor, the diffusion regions for the active struc-
tures, the dummy structures and the well-tap structures may
be similar to the P+ type diffusion regions for active struc-
ture 620, the P+ type diflusion regions for dummy structure
630 and the N+ type diffusion regions for well-tap structure
610, respectively, of FIG. 6. Alternatively, when the active
structure 1s an NMOS transistor, the diffusion regions for the
active structures, the dummy structures and the well-tap
structures may be similar to the N+ type diflusion regions for
active structure 720, the N+ type diffusion regions for
dummy structure 730 and the P+ type diffusion reglons for
well-tap structure 710, respectively, of FIG. 7. The diffusion
regions for the active structures, dummy structures and
well-tap structures may have identical width and length
dimensions.

At step 820, polycrystalline structures for the active
structures, the dummy structures and the well-tap structures
are formed. When the active structures include PMOS
transistors, the polycrystalline structures for the active struc-
tures, the dummy structures and the well-tap structures may
be similar to the P+ polycrystalline structure for active
structure 620, the P+ polycrystalline structure for dummy
structure 630 and the N+ polycrystalline structure for well-
tap structure 610, respectively, of FIG. 6. However, when the
active structures include NMOS transistors, the polycrystal-
line structures for the active structures, the dummy struc-
tures and the well-tap structures may be similar to the N+
polycrystalline structure for active structure 720, the N+
polycrystalline structure for dummy structure 730 and the
P+ polycrystalline structure for well-tap structure 710,
respectively, of FIG. 7. The polycrystalline structures for the
active structures, the dummy structures and the well-tap
structures may also have i1dentical widths and lengths.

At step 830, the diffusion regions for the active structures,
the dummy structures and the well-tap are coupled to thelr
respective terminals. For example, when the active structure
1s a PMOS transistor, the diffusion regions for the active
structure may be coupled terminals that transmit signals
(e.g., stmilar to the diflusion regions for active structure 620
of FIG. 6 coupled to the source-drain terminals) and the
diffusion regions for the dummy structures and the well-tap
structures may be coupled to a VDD voltage terminal (e.g.,
similar to the diffusion regions for dummy structure 630 and
well-tap structure 610 of FIG. 6 that are coupled to the VDD
voltage level). Alternatively, when the active structure 1s an
NMOS transistor, the diffusion regions for the active struc-
ture may be coupled to terminals that transmit signals (e.g.,
similar to the diffusion regions for active structure 720 of
FIG. 7 coupled to the source-drain terminals) and the
diffusion regions for the dummy structures and well-tap
structures may be coupled to a VSS voltage level (e.g.,
similar to the diffusion regions for dummy structure 730 and
well-tap structure 710 of FIG. 7 that 1s coupled to a VSS
voltage level).

In addition to that, the polycrystalline structures for the
active structures, the dummy structures and the well-tap may
also be coupled to their respective voltage terminals. For
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example, the polycrystalline structure for the active structure
may be coupled to a terminal that transmits a control signal,
whereas the polycrystalline structures for the dummy struc-
ture and the well-tap structure may be coupled to a VDD
voltage level and a VSS voltage level, respectively (as
shown by dummy structure 630 and well-tap structure 610
of FIG. 6). Alternatively, the polycrystalline structures for
the dummy structure and the well-tap structure may be
coupled to a VSS voltage level and a VDD voltage level,
respectively (as shown by dummy structure 730 and well-tap
structure 710 of FIG. 7).

The embodiments thus far have been described with
respect to integrated circuits. The methods and apparatuses
described herein may be incorporated mto any suitable
circuit. For example, they may be incorporated into numer-
ous types of devices such as programmable logic devices,
application specific standard products (ASSPs), and appli-
cation specific integrated circuits (ASICs). Examples of
programmable logic devices include programmable arrays
logic (PALs), programmable logic arrays (PLAs), field pro-
grammable logic arrays (FPLAs), electrically programmable
logic devices (EPLDs), electrically erasable programmable
logic devices (EEPLDs), logic cell arrays (LCAs), complex
programmable logic devices (CPLDs), and field program-
mable gate arrays (FPGAs), just to name a few.

The programmable logic device described 1n one or more
embodiments herein may be part of a data processing system
that includes one or more of the following components: a
processor; memory; 10 circuitry; and peripheral devices.
The data processing can be used in a wide variety of
applications, such as computer networking, data networking,
instrumentation, video processing, digital signal processing,
or any suitable other application where the advantage of
using programmable or re-programmable logic 1s desirable.
The programmable logic device can be used to perform a
variety of different logic functions. For example, the pro-
grammable logic device can be configured as a processor or
controller that works 1n cooperation with a system processor.
The programmable logic device may also be used as an
arbiter for arbitrating access to a shared resource in the data
processing system. In yet another example, the program-
mable logic device can be configured as an interface
between a processor and one of the other components in the
system. In one embodiment, the programmable logic device
may be one of the family of devices owned by ALTERA
Corporation.

Although the methods of operations were described 1n a
specific order, i1t should be understood that other operations
may be performed 1n between described operations,
described operations may be adjusted so that they occur at
slightly different times or described operations may be
distributed 1 a system which allows occurrence of the
processing operations at various intervals associated with
the processing, as long as the processing of the overlay
operations are performed 1n a desired way.

Although the foregoing invention has been described 1n
some detail for the purposes of clarty, 1t will be apparent
that certain changes and modifications can be practiced
within the scope of the appended claims. Accordingly, the
present embodiments are to be considered as 1llustrative and
not restrictive, and the invention 1s not to be limited to the
details given herein, but may be modified within the scope
and equivalents of the appended claims.

What 1s claimed 1s:
1. A well-tap structure, comprising:
a well of a first doping type;
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a diffusion region of the first doping type formed in the

well; and

a gate-like structure formed directly above a portion of the

well, wherein the diffusion region i1s formed directly
adjacent to the portion of the well.

2. The well-tap structure as defined in claim 1, further
comprising;

an additional diffusion region of the first doping type

formed directly adjacent to the the portion of the well,
wherein the portlon of the well 1s 111terposed between
the diffusion region and the additional diffusion region.

3. The well-tap structure as defined in claim 1, wherein
the diffusion region has a doping concentration, and wherein
the well has a doping concentration that 1s less than the
doping concentration of the diflusion region.

4. The well-tap structure as defined 1n claim 1, wherein
the well comprises a p-well.

5. The well-tap structure as defined 1n claim 4, wherein
the diffusion region 1s coupled to a ground power supply
voltage terminal.

6. The well-tap structure as defined 1n claim 5, wherein
the gate-like structure 1s coupled to a positive power supply
voltage terminal.

7. The well-tap structure as defined 1n claim 1, wherein
the well comprises an n-well.

8. The well-tap structure as defined in claim 7, wherein
the diffusion region i1s coupled to a positive power supply
voltage terminal.

9. The well-tap structure as defined 1n claim 8, wherein
the gate-like structure 1s coupled to a ground power supply
voltage terminal.

10. An mntegrated circuit, comprising:

an array ol active structures;

an array of dummy structures that surrounds the array of

active structures; and

a plurality of well-tap structures interposed between the

array of active structures and the array of dummy
structures, wherein each well-tap structure in the plu-
rality of well-tap structures includes an associated
gate-like conductor.

11. The integrated circuit as defined 1n claim 10, wherein
the active structure 1s a functional transistor structure, and
wherein the dummy structure 1s a non-functional transistor
structure.

12. The mtegrated circuit as defined 1n claim 10, wherein
the active structures within the array of active structures
comprise matching transistor structures.

13. The integrated circuit as defined 1n claim 10, wherein
the associated gate-like structure for each of the well-tap
structures 1s formed adjacent to a well-tap contact of the
well-tap structure.

14. The mtegrated circuit as defined 1n claim 13, wherein
a distance between the plurality of well-tap structures and a
center of the array of active structures 1s less than 30
microns.

15. The integrated circuit as defined 1n claim 13, wherein
the array of dummy structures surrounds the array of active
structures to at least 50 microns from the center of the array
ol active structures.

16. An mtegrated circuit device, comprising;:

an array of transistor structures, wherein a column 1n the

array of transistor structures comprises:

at least one active transistor;

at least one dummy transistor; and

a well-tap structure interposed between the active tran-
sistor and the dummy transistor 1n the column.
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17. The ntegrated circuit device as defined 1n claim 16,
wherein diflusion regions for the active transistor, the
dummy transistor, and the well-tap structure have same
width and length.

18. The integrated circuit device as defined 1n claim 16, 5
wherein the well-tap structure has an associated gate-like
structure formed over a semiconductor substrate.

19. The integrated circuit device as defined 1n claim 18,
wherein the gate-like structure forms part of a decoupling,
capacitor. 10

20. The mtegrated circuit as defined 1n claim 10, wherein
cach well-tap structure 1n the plurality of well-tap structures
turther includes a diffusion region of a given doping type
that 1s formed 1n a well of the given doping type.

x x * Cx x 15
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